By analyzing SNP array data on "trios" samples including premalignant atypical adenomatous hyperplasias (AAH) of the lung, matched normal and lung adenocarcinoma (LUAD) tissues from 16 patients, Sivakumar et al. [1] in this issue investigated the allelic imbalance (AI) events in the premalignant lesions of lung adenocarcinoma. With a modified statistic method to infer the AI events sensitively, they identified AI events in more than 50% of AAH tissues, indicating the importance of chromosomal aberrations and genome instability in the development of AAH. In addition, they identified a number of chromosomal aberrations harboring tumor suppressors and oncogenes, such as 17p loss affecting well-known TP53. It was worth to note that the same group previously reported the somatic mutations and RNA-Seq data from the same samples [2] . Thus, they presented a comprehensive molecular landscape of the evolution process from AAH to LUAD, which is important for understanding the etiology of LUAD.
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First of all, the premalignant data provided evidence that chromosomal aberrations initiated at the early stage of LUAD and emerged even earlier than many driver mutations. Both somatic mutations and copy number aberrations were the hallmarks of cancer. The TCGA study revealed a heavy burden of somatic mutations and copy number alterations in LUAD and most of them are "passengers" that have no effect on the neoplastic process [3] . Thus, it is difficult to identify which somatic alterations are drivers that promote a selective growth advantage. Previous studies suggested that genes carried "driver" alterations had a higher alteration rate than other genes and proposed statistical methods to identify driver genes [4] . By using the methods, TCGA studies reported that TP53 was a commonly mutated (46%) gene in LUAD [5] . In addition, somatic alterations usually affect oncogenes in the receptor tyrosine kinase (RTK)/RAS/RAF pathways in LUAD and tumor suppressor genes including STK11, KEAP1, NF1, RB1, and CDKN2A [5] . They also observed copy number amplified regions (3q26, 5p15, 7p11, 8q24, 11q13, 12q13, 12q15, 14q13) and deleted regions (17p13, 9p21, 9p23) in LUAD [5] . However, it is difficult to decipher the causal relationship between somatic mutations and copy number alterations in the cancer genomics data. With the evidence from AAH, we can differentiate the initial driver alterations of LUAD like 17p loss involving TP53.
Furthermore, in this issue Sivakumar et al. [1] reported an important association between AI burden and smoking behavior in AAH. Interestingly, a similar trend was observed in their matched LUAD samples, but the difference was not significant, and at the same time, a higher AI burden was seen in EGFR mutated non-smokers. The results suggested that the underlying mechanisms of AI were quite different in smokers and non-smokers: AI served as a founding event in smoking patients and initiated the development of LUAD, while it was only a bypass product of genome instability in non-smoker patients and therefore occurred only in LUAD tissues. In the phylogenetic tree construction, Sivakumar et al. [1] found that 6 of 7 patients with evidence of shared AI between matched AAH and LUAD were smokers, which further supported the conclusion above. Thus, the AI events in smokers and non-smokers should not be considered equally in the following studies. However, the sample size involved in this analysis is relatively small and more well-designed epidemiological studies with larger sample size are warranted to further illuminate the differences.
The molecular landscapes of premalignant tissues could also be used to identify potential biomarkers to predict the progress from the prelesions to cancers. Teiseira et al. recently profiled the genomic, transcriptomic, and epigenomic landscape of the prelesion of lung squamous cancer [6] . With longitudinally monitoring information, they successfully generated a predictive model to identify which lesions will progress with remarkable accuracy, which offered a new strategy for the early detection of lung cancer.
Lastly, the public available multi-omics data from "trios" LUAD patients are a valuable resource for the following studies of LUAD. For instance, we recently conducted whole-genome sequencing and RNA-Seq on 90 lung cancer and observed an association between infiltrating B cells and EGFR mutations in tumor tissues of LUAD [7] . We performed a re-analysis of the RNA-Seq data from the previous Sivakumar et al.'s paper [2] and found that the elevation of infiltrating B cells and inflammatory microenvironments preceded the emergence of EGFR mutations [7] .
However, there are still great challenges to investigate the evolution process from AAH to LUAD. Intratumor heterogeneity of lung cancer was one of them. A recent study conducted whole-exome sequencing on the multi-regions of non-small-cell lung cancer (NSCLC) [8] . They observed widespread intratumor heterogeneity for somatic copynumber alterations as well as mutations. A number of known driver alterations occurred in the sub-clones of LUAD. To clearly infer the clonal evolution and trace the origin of these alterations, a multi-region sampling of AAH are necessary for future studies. In addition, the low cell fraction of somatic alterations in AAH also limited the genomic studies and the subsequent evolution analysis. The authors overcome the challenge by jointly modeling the allelic imbalance statistics, but the technology advance may provide new insights into the era. Single-cell RNA-Seq has recently used to decipher the microenvironments and subclones of lung cancers [9] and additional methods have been developed to estimate the copy number alterations and copy-neutral loss-ofheterozygosity events in single-cell RNA-Seq data [10] , which might be used in the future studies of AAH to solve the problems of cell heterogeneity.
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